T
he epidermis is maintained by stem cells (SC) that reside in specific locations, or niches, and produce progeny that undergo differentiation along the distinct lineages of the hair follicle, sebaceous gland, and interfollicular epidermis (1, 2) . The bestcharacterized reservoir of SC is in the bulge of the hair follicle (3) (4) (5) . However, these cells are not essential for maintenance of the interfollicular epidermis, which instead depends on its own resident SC population (6) (7) (8) (9) (10) (11) .
Within the interfollicular epidermis, SC are not the only cells that are competent to proliferate (8) . The progeny of a SC that are destined to terminally differentiate first undergo a few rounds of division, during which time they are known as transit-amplifying (TA) cells (12) . Although SC can divide extensively to repair damaged epidermis, they tend not to be actively cycling in steadystate epidermis. Expression profiling of follicular bulge cells has identified a number of factors, including Wnt antagonists and bone morphogenetic proteins, that could maintain SC quiescence (3, 4) . However, little is known about what regulates quiescence in interfollicular epidermis.
A range of markers of human interfollicular epidermal SC has been described, including high surface expression of ␤1 integrins (7, 13) , high ␣6 integrin and low CD71 expression (14) , high expression of Delta1 (15) , low expression of desmoglein 3 (16) , and low expression of the EGF receptor 1 (EGFR1; ref. 17) . Gradients of marker expression would be consistent with gradients of ''stemness'' (12, 13, 18) , as opposed to the existence of discrete SC and TA cell populations. However, melanoma-associated chondroitin sulfate proteoglycan (MCSP) is one SC marker that is undetectable in other basal cells of the human epidermis (19) .
The criteria used to define cells as putative stem or TA cells differ somewhat among laboratories. In the case of ␤1, Delta1, and MCSP, the criteria were that cells expressing high levels of the markers were capable of sustained clonal growth in culture and lay within regions of the interfollicular epidermal basal layer that were relatively quiescent, with a low proportion of actively cycling cells (7, 13, 15, 19) . Conversely, cells that expressed low levels of the markers formed small abortive clones of terminally differentiated cells in culture and lay in regions of the basal layer with a high proportion of actively cycling cells. The proportion of cells that express high levels of ␤1 integrins varies from 25% to 43%, depending on body site (7) , whereas the proportion of SC is calculated as 10%, based on cell kinetic analysis (8) . It is therefore likely that the cells that express MCSP and high levels of ␤1 and Delta1 are heterogeneous.
One way to characterize distinct cell populations is to generate global gene expression profiles. Such profiles have been described for the reservoir of SC in the hair follicle bulge of mouse (3, 4) and human epidermis (20) . One limitation of the approach is that the data represent the average characteristics of a cell population, rather than the properties of individual cells. In addition, although bulge cells are well characterized, nonbulge populations are a heterogeneous mixture of SC and TA cells of a variety of cell lineages.
An alternative to conventional expression profiling methods is now emerging through the development of techniques that allow faithful amplification of mRNA from single cells (21) (22) (23) . The cDNA generated can be used as a template to analyze specific genes (22) or can be fragmented and labeled for global expression profiling using DNA arrays (23) . We now describe the generation of single-cell cDNA libraries from cultured human epidermal keratinocytes, identified as SC or TA cells on the basis of Delta1 and MCSP expression. Global expression profiling of these cDNA libraries enabled us to identify Kekkon͞Lig1͞leucine-rich repeats and Ig-like domains 1 (Lrig1; ref. 24 ), a negative regulator of EGFR͞ErbB receptors, as a marker of putative SC. We present evidence that Lrig1 is a major determinant of SC quiescence.
RNA content of one to two cultured cells. To determine whether the method distorted relative gene expression levels, we performed quantitative PCR for Gapdh, ␤-actin, ␤1-integrin subunit, and Dll1; relative expression levels were preserved when amplified samples were compared to traditional cDNA samples generated from the same starting material (Fig. 1B) .
As further validation, six independent cDNA libraries were each generated from 50 pg of MCF7 RNA and six from 50 pg of MCF10A RNA. Amplified material from the libraries was fragmented by RQ1 DNase and labeled with biotin-ddATP using terminal deoxynucleotidyltransferase (TdT) (23) . Labeled cDNA from each library was analyzed on HU133A gene chip arrays. We compared the list of probes differentially expressed in each cell type with published array data generated by using traditional methodology (25) . All but one of the probes on our list was truly differentially expressed (Fig. 1C) . Therefore, the amplification method used to generate cDNA libraries from small amounts of starting material and the labeling technique can be applied to identify differentially expressed genes. Only differences in expression levels of Ն7-fold were reproducible; at lower fold differences, the number of false positives increased progressively.
We next generated single-cell cDNA libraries from cultured human epidermal keratinocytes. Small cells, chosen because keratinocytes enlarge during terminal differentiation (13) , were picked from a diluted single-cell suspension and seeded into first-strand buffer. cDNA libraries were generated from Ͼ1,000 single cells. Qualitative PCR for Gapdh and ␤2 microglobulin was used to determine the quality of the cDNA libraries; on this basis, the number was reduced to 314 (Fig. 1D) .
We screened the keratinocyte libraries by qualitative PCR to assign them into categories (Fig. 1D) (Fig. 1E) . We verified expression of several marker genes by qualitative PCR (Fig. 1E ) and of MCSP and Dll1 by quantitative PCR (Fig. 1F) . Although high expression of ␤1 integrins is used to enrich for SC (7, 13) , there was no significant difference in ␤1 integrin levels between the putative SC and TA cell libraries (Fig.  1F) , which is to be expected, because integrin levels differ by only 2-to 3-fold between the cell populations (7, 13) .
Some of the libraries were of higher quality than others, based on the number of present calls on the HU133A chip and pairwise correlation coefficients between samples. In high-quality samples, 30-40% of the genes were detected as present, and pairwise coefficient values Ͼ0.70 were observed (data not shown). We eliminated two cDNA libraries from each group on the basis of low numbers of present calls or poor correlation coefficients.
Based on a P value Ͻ0.05 as the statistical threshold, 14 genes were up-regulated at least 7-fold in the SC libraries compared with the TA cell libraries (Table 1 ). This was confirmed at the level of raw data for all 12 libraries. MCSP (19) has previously been reported as an epidermal SC marker, and the murine homologue of Lrig1, Lig1, is highly expressed in the hair-follicle bulge (26) . The other genes have not been linked to epidermal SC previously.
To confirm that the genes were indeed differentially expressed, we isolated RNA from cells selected by differential adhesion to extracellular matrix (13) . Primary human keratinocytes that adhere to collagen within 15 min have high ␤1 integrin levels and are capable of extensive clonal growth (putative SC). Cells that do not adhere to collagen within 45 min but subsequently adhere to fibronectin within 3 h are enriched for TA cells (low ␤1 integrin levels) and form abortive clones of terminally differentiated cells. Semiquantitative RT-PCR showed that the majority of genes identified as SC markers (Table 1) were indeed differentially expressed by the SC enriched population (Fig. 1G ).
Validation of Lrig1 as a Marker of Putative SC.
We chose Lrig1 for further investigation because of its potential role in down-regulating EGF receptor responsiveness by increasing ubiquitinylation of the activated receptor (24, 27) , and because Lig1-null mice exhibit epidermal hyperproliferation (26) . These features suggested that Lrig1 might play a role in maintaining epidermal SC in a quiescent state.
In human interfollicular epidermis, Lrig1 was expressed by K14ϩ cells in the basal layer ( Fig. 2A) . The basal layer is not flat but undulates, and the area where the epidermis projects furthest into the dermis is known as a rete ridge. Within the basal layer, Lrig1 was more abundant in groups of cells at the top of rete ridges (T in Fig.  2 A) , which also express MCSP (Fig. 2B ), high levels of ␤1 integrins (7), and Delta1 (15) . In keeping with Lrig1 negatively regulating activated EGFR1, Lrig1 bright cells expressed lower levels of EGFR1 than other basal keratinocytes ( Fig. 2 C and D) . In addition, the majority of Lrig1-expressing cells were negative for Ki67, a marker of proliferating cells ( Fig. 2E; ref. 7) . Lrig1 is thus expressed in the same cells previously identified as SC on the basis of proliferation and marker expression (7, 28) .
High Levels of Lrig1 Reduce Keratinocyte Proliferation and EGF
Responsiveness. We examined the effects of overexpressing Flagtagged Lrig1 by retroviral expression in primary human keratinocytes. Lrig1-expressing cells had lower total (Fig. 2F ) and cellsurface (Fig. 2H ) levels of EGFR1 than cells transduced with the empty vector, but surface expression of ␣6␤4 and ␤1 integrins was unaffected (Fig. 2H) . The level of EGFR1 phosphorylation in response to EGF was lower and less sustained in Lrig1-expressing cells, as was ERK1͞2 phosphorylation (Fig. 2F and data not shown). This is consistent with the role of Lrig1 in reducing EGF responsiveness by mediating ubiquitinylation and degradation of activated EGFR1 (24, 27) .
Overexpression of Lrig1 led to a reduction in proliferation, as evaluated by BrdU incorporation (Fig. 2G) . However, Lrig1 did not compromise the clonal growth of primary keratinocytes (Fig. 2I) , and there was no effect on the proportion of abortive colonies attributable to TA cell founders (Fig. 2 J) , which is in good agreement with the lack of an effect of Lrig1 on surface integrin levels (29) . We conclude that Lrig1 may promote SC quiescence by reducing responsiveness to EGFR ligands.
Knockdown of Lrig1 by siRNA Leads to Expansion of the SC Compartment. Using siRNA for nucleotides 1494-1512 of the coding sequence of human Lrig1 (27) , it was possible to lower Lrig1 mRNA levels by on average 2.5-fold, as determined by quantitative PCR (Fig. 3A) . Keratinocytes expressing Lrig1 siRNA had the same levels of total and phosphorylated EGFR1 as keratinocytes expressing a control scrambled siRNA (Fig. 3B) . However, activation of ERK MAPK was increased (Fig. 3B) . There was also a marked increase in the level of EGFR1 on the cell surface (Fig. 3C) , reflecting the role of Lrig1 in endocytosis of activated receptor. Cell-surface ␤1 integrin levels were unaffected by Lrig1 knockdown, but there was a small increase in ␣6␤4 (Fig. 3C ), which might be attributable to increased EGFR1 signaling (30) . Keratinocytes expressing Lrig1 siRNA showed a marked increase in growth rate (Fig. 3D ) and a dramatic increase in overall colony size (Fig. 3E) . The proportion of nonabortive clones, which we attribute to SC founders, was increased, but there was no significant change in the proportion of abortive clones, attributable to TA cells ( Fig. 3F; ref. 13 ). Keratinocytes transduced with Lrig1 siRNA were still capable of initiating terminal differentiation, as shown by the presence of suprabasal involucrin-positive keratinocytes in the clones (Fig. 3G) . Thus, Lrig1 knockdown stimulated SC renewal without inhibiting terminal differentiation.
Lrig1 Regulates Myc Transcription. Exit from the epidermal SC compartment is linked to activation of cMyc in cultured keratinocytes (31) and transgenic mouse models (32, 33) . Activation of EGFR1 and Myc levels could be linked, because Myc is a target gene of ERK2 stimulated transcription (34) . Keratinocytes overexpressing Lrig1 not only had reduced EGFR1 phosphorylation and ERK activation (Figs. 2F and 4A) but also reduced levels of Myc protein (Fig. 4A ). An inverse relationship between the level of Lrig1 and the level of Myc in individual cells was observed in cultured keratinocytes (Fig. 4 B and C) and in the basal layer of human interfollicular epidermis (Fig. 4 D and E) . When keratinocytes were transiently transfected with a luciferase reporter driven by the Myc promoter, the level of luciferase activity was markedly reduced in cells expressing Lrig1 (Fig. 4F) . This effect could be mimicked by Tyrphostin AG1478, a specific inhibitor of EGFR1 kinase activity, in the presence of 10 ng͞ml EGF or complete keratinocyte serum-free medium (Fig. 4G) . We conclude that Lrig1, EGFR1, and Myc levels in human keratinocytes are interrelated, both in culture and in interfollicular epidermis.
To investigate whether the growth inhibitory effect of Lrig1 could be overcome by activation of Myc, keratinocytes stably expressing a 4-hydroxy-tamoxifen (4OHT)-inducible form of Myc (MycER; ref. 31) or the empty retroviral vector were transiently transfected with Lrig1 or a GFP control vector (Fig. 4H) . Proliferation was measured as the fraction of transiently transfected cells that incorporated BrdU during a 24-h labeling period. As expected, Lrig1 suppressed proliferation of keratinocytes infected with the empty retroviral vector in the presence or absence of 4OHT. Lrig1 also decreased proliferation of cells transduced with MycER in the absence of 4OHT. 4OHT treatment of cells expressing MycER led to an increase in proliferation in the presence or absence of Lrig1, but the level of BrdU incorporation was lower when Lrig1 was present. We conclude that the inhibitory effect of Lrig1 on prolif- eration can partly be explained by reduced activation of Myc in response to EGF.
Discussion
We have generated a panel of cDNA libraries from single human epidermal MCSPϩ, Dll1ϩ cells and MCSPϪ, Dll1Ϫ cells, characteristics previously reported to distinguish SC and TA cells, respectively (15, 19) . We used the libraries to identify previously undescribed markers of the putative SC compartment. The validation experiments performed with RNA from MCF7 and MCF10A cells showed that, although the chip-to-chip variation is greater and the number of detected probes is lower using single-cell libraries compared with traditional methods, genes that are truly differentially expressed could be identified. Because the signal-to-noise ratio increased progressively as the fold difference fell below 7-fold, markers reported to differ by 2-to 3-fold, such as the ␤1 integrins, could not be identified in the libraries.
Single-cell expression profiling is an important tool that complements SC profiling based on FACS-sorted populations (3, 4, 35) . It can reveal heterogeneity at the single-cell level (23) and define cellular hierarchies that are masked in a general population. Dll1ϩ, MCSPϪ cells (Fig. 1D) represent a new population, and it will be of interest to determine whether their characteristics place them in the putative stem or TA compartment.
Using differential cDNA hybridization and 2D protein gel electrophoresis of cultured keratinocytes fractionated according to ␤1 integrin expression, we found very few differentially expressed genes, none of which differed in abundance by Ͼ2-fold (35) . In contrast, using single-cell expression profiling, we were able to detect 14 genes as up-regulated at least 7-fold in putative SC compared with TA cells. The new genes belonged to different ontological categories: rRNA modification (PDMT), ubiquitin ligases (KIAA1991 and FLJ12875), signal transduction (guanine nucleotide-binding protein-like 1, ZFP187, and Asxl-1), regulation of growth factor signaling (MCSP and Lrig1) cytoskeletal modulators (FERM4D and MAP4), and two housekeeping genes (phosphorylase protein kinase and KIAA1838). The SC profile demonstrates that, even when removed from their niche, SC are capable of retaining specific characteristics.
The identification of Lrig1 as a marker of epidermal SC fits well with the known importance of EGFR1 ligands for in vitro expansion of primary keratinocytes (36) . The consequences of epidermal ablation of Lrig1 (26), Mig-6 (37), or the transcription factor AP2␣ (38) are all consistent with proliferation of the interfollicular SC compartment in response to EGFR ligand stimulation. Expression of Lrig1 ensures that SC are less responsive to growth-factor stimulation than their more differentiated progeny. Loss of Lrig1 is observed in psoriatic lesions and in squamous cell carcinomas (refs. 26 and 39 and data not shown), suggesting that, by triggering expansion of the SC compartment, it contributes to benign and neoplastic epidermal hyperproliferation. Our findings are in agreement with earlier studies showing that MAPK͞ERK activation is required to maintain the epidermal SC compartment in culture (29) . Rac1 is essential for epidermal homeostasis both in vivo and in vitro (40) , and reduced expression of Lrig1 could potentiate EGF ligand-mediated activation of Rac1 by means of the exchange factor VAV (40, 41) .
Our results lead us to propose a model in which Lrig1 expression maintains epidermal SC in a quiescent nonproliferative state (Fig.  4I) , in part by negatively regulating Myc transcription. Downregulation of Lrig1 triggers SC proliferation in response to EGF stimulation by causing a moderate increase in Myc that is not sufficient to stimulate terminal differentiation (32, 33, 42) . This model is consistent with the finding that epidermal ablation of Myc (43) disrupts tissue homeostasis by impairing SC expansion. Furthermore, in psoriatic lesions where Lrig1 is lost, there is a prominent increase in the level of cMyc (ref. 44 and data not shown). One possibility that remains to be explored is that Myc-induced differentiation acts as a fail-safe device to prevent uncontrolled proliferation of SC when Lrig1 is down-regulated.
Materials and Methods
Antibodies and Chemicals. The following antibodies were used: MCSP (9.2.27; PharMingen), Lrig-1 (gift from Satoshi Itami, University of Osaka, Osaka, Japan), phospho-EGFR1 (Y1086) (Zymed), EGFR1 (Ab-30; Abcam), EGFR (1005; Santa Cruz Biotechnology), Phospho-ERK (NEB), Ki67 (NCL-L-Ki67-MM1; Novocastra), ␤-tubulin (clone SAP.4G5; Sigma), K14 (LL002), cMyc (N-262; Santa Cruz Biotechnology), BrdU (ICR1; Oxford Biotechnology), ERK2 (K-23; Santa Cruz Biotechnology), Involucrin (SY-5), ␤1 integrin (P5D2), and ␣6 integrin (GoH3). BrdU, puromycin, 4OHT (all from Sigma-Aldrich), and AG1478 (Calbiochem) were used at 50 M, 2 mg͞ml, 100 ng͞ml, and 10 M, respectively.
Vectors. The following vectors were used: pCMV-3xFLAG-Lrig1 [gift from Håkan Hedman, Umeå University, Umeå, Sweden (45) Keratinocyte Culture and Retroviral Infection. Primary human keratinocytes (strains kj, kt, and kv) were isolated from neonatal foreskin and cultured as described (15), unless otherwise stated. In some experiments, cells were starved of growth factors by overnight incubation in FAD ϩ 0.5% FCS. Infection of human keratinocytes was carried out as described (15) .
For transient transfections, keratinocytes were cultured in complete keratinocyte serum-free medium (Gibco) with EGF and bovine pituitary extract. Cells were transfected with a total of 5 g of plasmid per well in six-well plates using Lipofectamine 2000 (Invitrogen). To measure proliferation, cells were allowed to recover for 1 day before incubation with BrdU for 24 h. To measure Myc promoter activity, plasmids pP2(-2489)-luc and pRL2 were transfected at a ratio of 4:1, lysed after 18 h, and assayed using the dual luciferase assay (Promega).
Single-Cell PCR. Keratinocytes (strain kj) used to generate cDNA libraries had been cultured for no more than three passages, were subconfluent, and had received fresh medium 24 h before harvesting. Cells harvested in trypsin͞EDTA were resuspended in FCS at 4°C and diluted in PBS. Single cells were collected by pipette and subjected to PCR essentially as described by Iscove et al. (21) .
For the generation of cDNA, a single cell or 50 pg of purified total RNA was placed in 4.5 l of first-strand buffer [1ϫ Superscript III buffer (Invitrogen)͞0.5% Nonidet P-40 (Pierce)͞10 M dNTP mixture (Roche)͞3.4 nM oligo dT30 primer͞1 mM DTT (Invitrogen)͞5 units of SuperRNaseIN (Ambion)͞7.5 units of PrimeRNase inhibitor (Eppendorf)], snap-frozen in liquid nitrogen, and lysed at 65°C for 5 min. Primer was allowed to anneal at 45°C for 2 min before addition of 0.5 l of Superscript III and incubation at 45°C for 15 min. The reaction was inactivated at 65°C for 10 min. Five units of RNaseH (Invitrogen) were added in the presence of 5.77 mM MgCl 2 in 6.5 l for 15 min at 37°C before heat-inactivating at 65°C for 10 min. cDNA was polyadenylated at 37°C for 15 min with 6.5 l of 2ϫ terminal deoxynucleotidyltransferase buffer (Promega) supplemented with 1.5 mM dATP (Roche) and 30 units of terminal deoxynucleotidyltransferase (Promega) before heatinactivating the enzyme at 65°C for 10 min.
Four microliters of polyadenylated cDNA was used as template for PCR amplification in 1ϫ ExTaq buffer (TaKaRa)͞0.65 mM dNTP (Roche)͞8.25 M oligo dT30 primer͞5 units of ExTaq (TaKaRa) by incubating at 94°C for 1 min, 50°C for 2 min, and 72°C for 2 min to allow second-strand synthesis. Subsequently, 35 cycles of amplification were performed by incubating at 94°C for 30 sec, 60°C for 30 sec, and 72°C for 2 min. A second round of amplification was performed as above by using 2 l of the amplified cDNA as template according to the manufacturer's instructions.
Labeling of cDNA and Affymetrix Analysis. Labeling was performed essentially as described (23) . Forty micrograms of column-purified (Qiagen) cDNA was fragmented with 1 unit of RQ1 DNase (Promega) per 10 g of cDNA in All-Phor-One buffer (Amersham Pharmacia) for 15 min at 37°C, and the enzyme was inactivated at 99°C for 10 min. Samples were labeled with 25 nmol of biotin-N6-dideoxyadenosine triphosphate (PerkinElmer) and 25 units of terminal deoxynucleotidyltransferase (Invitrogen) per 10 g of cDNA for 1 h at 37°C. Fragmented and biotinylated cDNA was phenol͞chloroform-precipitated and resuspended in distilled water (dH 2 O) at 1 g͞l for Affymetrix analysis. Target cDNA generated from each sample was processed by using an Affymetrix GeneChip Instrument System. Spike controls were added to 10 g of fragmented cDNA before overnight hybridization to GeneChip Human Genome 133 set oligonucleotide arrays (Affymetrix).
Array images produced by the Affymetrix GeneChip scanner were converted into raw files by using Microarray Suite 5.0 (Affymetrix). Unscaled raw files were analyzed by using Genespring 6.0 (Agilent Technologies). Measurements Ͻ0.01 were set to 0.01, chips were normalized to the 50th percentile, and genes were normalized to the median of the measurements for that gene. Pairwise correlation coefficients and the number of present probes were used to assess the quality of the samples.
Gene lists were from samples SC2, SC3, SC4, SC6, TA1, TA2, TA3, and TA5. Probes carrying a present call in four of four SC arrays, having average raw expression values Ͼ200, a SD of Ͻ1.4, and a fold difference of Ͼ7 were filtered on confidence for P values Ͻ0.05.
Adhesion Fractionation of Cultured Epidermal Keratinocytes. Keratinocytes (5 ϫ 10 6 ) were enriched for SC and TA cells by differential adhesion to 50 g͞ml type IV collagen (Sigma) and 50 g͞ml fibronectin, as described (13) . RNA was isolated from adhesionselected cells after lysis in TRIzol (Helena Bioscience).
Analysis of Genes by PCR, RT-PCR, and Real-Time PCR. Screening of single-cell cDNA libraries by PCR was carried out with ExTaq (TaKaRa), by using 0.2 l of the amplified samples as template. For RT-PCR from purified total RNA, 1 g was used as template.
Initially, samples were incubated with 1 unit of RQ1 DNase per microgram of total RNA to remove any genomic contamination. Subsequently, reverse transcription was carried out by using Superscript II (Invitrogen) and an oligo dT20 primer. Semiquantitative PCR was performed with gene-specific primers by using a serial dilution of template. All primer sequences are included in Supporting Text, which is published as supporting information on the PNAS web site.
Quantitative PCR was performed as described (42) for genes Actin, Gapdh, ␤1 Integrin, Delta1, Mcsp, 18S ribosomal rRNA, and Lrig1. Real-time PCRs and analysis were performed with an ABI Prism 7700 Sequence Detection System (Applied Biosystems). Relative quantification of each gene was determined using the standard curve method. The relative amount of each mRNA was normalized to the level of ␤-Actin or 18S ribosomal rRNA, as indicated.
Immunostaining and Flow Cytometry. Frozen tissue sections and cultured cells were fixed with 2% paraformaldehyde for 10 min and, if necessary, permeabilized for 5 min with 0.4% Triton X-100. After blocking with 10% FCS in PBS, sections and cells were incubated for 1 h with antibodies diluted in 10% FCS in PBS. Secondary antibodies were conjugated with Alexa Fluor 488 or 594 (Molecular Probes).
For flow cytometry, primary human keratinocytes were labeled with antibodies to EGFR1, ␣6 integrin, or ␤1 integrin for 30 min at 4°C. Cells were labeled with anti-mouse or -rat secondary Alexa Fluor 488-conjugated antibody (Molecular Probes) and analyzed by using a FACscaliburII sorter and Cell Quest FACS analysis system (BD Biosciences).
Protein Lysates and Western Blotting. Keratinocytes were scraped into RIPA buffer and lysed on ice for 30 min. Equal amounts of protein were loaded for analysis using SDS͞PAGE and Western blotting as described (40) .
